Résumé. - Abstract. 2014 We study a direct renormalization method for polymer chains near the theta-tricritical point, which we have introduced previously for explicit tricritical calculations. With the help of the dimensional renormalization of field theory in the limit n = 0, we prove that this latter dimensional renormalization as well as the direct one yield a finite renormalized polymer theory to all orders in the first two virial coefficients and to all orders in the parameter 03B5 = 3 -d, where d is the space dimension (d ~ 3). We give, as examples, new tricritical results of the 03B5-expansion for polymer chains at the theta-point.
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J. Physique 47 (1986) 745 [1] has indicated in 1975 that the model of polymer chains near the theta point [2, 3] has the properties of a tricritical system. Since then, there have been a series of theoretical works on this subject [4] [5] [6] [7] [8] . Most of them were using the equivalence between a (qJ2)3 field theory with a vanishing number of components n = 0 and the polymer system [3, 9, 10] . As shown in a previous work [7] this method leads to precise predictions concerning the tricritical behaviour of polymer chains near the theta point, or semiattractive chains. In references [8] , use was made of the t' Hooft Veltman renormalization scheme directly for polymers, but without general proof of validity. But the applicability of field theoretic methods to polymer theory near the tricritical point was criticized in the same references [8] . However, as we shall see, these critics were erroneous. The equivalence between (n = 0) field theory near the tricritical point and polymer theory near the theta point works perfectly.
We know it for two different reasons.
First, we have recently [11] recalculated the properties of the polymer chain solutions near the theta point by introducing a direct renormalization method for the tricritical polymer theory, analogous to that introduced by J. des Cloizeaux [12] for polymers in a good solvent, i.e. in the critical limit. We found that this direct method, which does not rely on field theory, yields exactly the same results as obtained in a previous work [7] , where use was made only of field theory. This contradicts the results of references [8] .
The [14] and by the author [15] . According to a remark by M. Benhamou [14] , the Laplace-de Gennes transform of polymer partition functions into Green functions of field theory « commutes » with the minimal dimensional renormalization factors of t' Hooft and Veltman [13] . Then, using this scheme for the (cp2)2, n = 0 field theory one can
show that the direct renormalization method of reference [12] is « finite » to all orders [ 14, 15] , and one can also introduce simpler renormalization methods in polymer theory which are both direct and dimensional, and work to all orders [15] . [7, 16] described by the probability density P for a configuration { r.(s.) I of the N chains a = 1, ..., N :
The connected partition functions are defined for N chains [12] by :
where Po stands for the probability density (2.4) of Brownian chains, i.e. for b = 0, w = 0. The connected partition function of N chains reads accordingly :
In a similar way one defines partition functions with insertions of wave vectors at fixed points along the chains. We shall not consider all of them in detail here, but our results also apply to them. We shall consider here the form factor of a single chain [15] :
where the average is taken with respect to the weight (2.4). One has :
where !l'12) is the partition function of a single chain with two insertions of wave vectors q, -q, integrated along the chain, and where Y, is the partition function of the chain. In terms of the Green functions of the n = 0 field theory one has [15] a formula analogous to (2.3) : where , is the connected Green function with two mass insertions defined by [15] :
where the mass is allowed to depend on the position r, and where W2 is the two-leg Green function defined in (2. 2).
One important fact must be noted : we consider here dimensionally regularized Green functions (2.2) or partition functions (2.5 [17] and its general relation, in the case of the polymer theory, to the theory with a physical cut-off so along the chains is an interesting problem, which can find a general solution [18] .) The [7, 19] . Now, the dimensional renormalization scheme, or minimal subtraction scheme, for the field theory described by the Hamiltonian (2.1) consists in the change of variables :
Here p is the usual arbitrary t' Hooft's mass which gives the scale. In (2.12), all the renormalization factors Zw, Zm, Z4, C', Z have the minimal form :
where :
i.e. they contain only poles in e, and no finite terms [13] . The form (2.12) of the renormalization is particular to the (qJ2)2, (qJ2)3 theory near the tricritical point b = 0, M2 = 0, and its justification is given in [19] and in the appendix B of reference [7] . One must note a particular fact in the case n = 0. The renormalization of the masses is in general (for n 0 0) more complicated then in equation (2.12) since there exists a mass matrix Zm,aa" such that lna = Zm,aa' ma', + "' However, in the limit n -+ 0, the non-diagonal terms of the Z. matrix vanish since they contain at least one internal loop, and thus a factor n. So only the diagonal term of the matrix Z. exists for n = 0. The result of dimensional renormalization theory for field theory is the existence of a unique set of functions Zw, Zm, Z4, C', Z of WRI 8 [7, 19] . The existence of this factor will be essential [7, 11] for the calculation of the non normalized partition functions, or of the free energy In LT and specific heat. Another fact must be emphasized : in the dimensional renormalization scheme (2.12) (also called mass independent, or soft-mass renormalization scheme) the renormalization factors are independent of the masses and it is precisely this point which makes the passage to polymer theory by an inverse Laplace transform so trivial [14, 15] . Let [15] .
Here, we shall deduce from the general relation (2.16), another result which has proven to be very useful for explicit calculations in the tricritical polymer theory [11] .
Let us consider the set of polymer chains and write :
where S is a Brownian area which gives the common scale of the areas Sa, the numbers xa being all finite. We then define a parameter zo by :
For d = 3, Zo is dimensionless and is similar to the dimensionless z parameter of polymer theory [20] where the universal function F is regular and finite when s -0. In the same way, the ratio N (4.11) is a universal function N(h, g, s) which is regular when B --+ 0 (see below). The tricritical theta-point corresponds to the two conditions [7] : We consider .h instead of h, since it is a simpler quantity to calculate. In the tricritical limit, b = 0, S -+ oo, both .h and h reach for d 3, d = 3 -B the fixed point value [ 11] h* = B/44 1t + ..., or, for d = 3, have the same asymptotic limit 'A = 1/(44 x In S) [7, 11] .
Since g does not vanish at b = 0 for finite chains, it will be convenient also to define a linearized dimensionless second virial coefficient .g by :
This quantity vanishes at the theta-point b = 0. As in field theory, there is a fifth renormalization term in polymer theory corresponding to C. C is the renormalization factor of the additionnal renormalization of the mass due to (qJ2)2 insertions (Eq. (2.12b)). We have (see Eq. (2. 12e)) C = C'(wR, e) p-2e. It will be convenient to use (2.12a) and write ( in the form :
where ç is diverging when 8 -0, but is not of the minimal form. All these quantities are defined at the point b = 0. Now we state that, once expressed in terms of these physical quantities { .X, .h, b}, the other physical quantities describing the polymer system, will be finite, i.e. will have a well-defined series expansion in power of a. These quantities { 'X, .h, b} will be the « directly renormalized » variables whereas .Xo, X1, X4 are renormalization factors. where IF. is a regular function of s which can be calculated by perturbation theory [11] . For instance, we have obtained [11] , for .g = 0 (theta-point), for dilute solutions of very long chains :
with .h -h* = 8/44n + ..., and for semi-dilute solutions at the theta-point [11] Incidentally, the latter expression of 17 
